This paper analyzes the efficiency of the market in its weak form, as proposed by Fama (1970) , in 24 emerging countries, after the subprime crisis of 2007/2008. To answer the research problem, initially calculated the log return of the main contents of these countries. After we used the automatic variance ratio for small samples, as Kim (2006) 
Introduction
The random walk hypothesis provides a way to test the predictability of stock returns and efficiency in its weak form in stock markets. According to Fama (1970) , a market is considered efficient when the price system reflects a whole set of information available for players. If this set of information is only made up of past prices, such definition implies the weak form of efficiency.
On a random walk, there is no way to make a prediction based on past values of the time series. For a stock, e.g., the current price will be the best prediction of a future price. Thus, according to that hypothesis, the univariate prediction models would not be able to infer the future behaviour of that asset.
Many authors have dedicated their studies to empirically test this hypothesis in stock markets, putting together several methods in order to test it, among which we point out the variance coefficient. Despite Lo & MacKinlay (1988) and Cochrane (1988) not having been the first ones to deal with this subject -since other authors had already used the variance ratio concepts in several contexts, such as Campbell & Mankiw (1987) , Fama & French (1988) and French & Roll (1986 ) -they were the ones who formalised the sample theory for tests statistics.
These last five decades there were numerous empirical studies regarding the market"s efficiency. In this sense, Lim (2009) comments that this number is still growing -although in a slower paceemphasising more the emerging stock markets (e.g. Squalli (2006) Several refinements were suggested in order to increase the variance ratio test robustness related to heteroscedastic procedures, besides decreasing the size distortions and improve its power. Tests that consider the whole variance ratio statistics distribution were suggested in order to solve the size super-dimensioning problem that results from using the same set of data for different inferences (Richardson & Smith (1991) ; Chow & Denning (1993) ; Chen & Deo (2006) .
Choosing the investment horizons is the only parameter to be determined in the variance ratio test. Normally, random values are picked and they are limited by the sample size; meanwhile, according to the author, the test result is sensitive to these parameters choice.
In order to solve such sampling problems, Choi (1999) developed an automatic variance ratio test where the aggregation value (investment horizon) is chosen by using an optimal rule suggested by Andrews (1991) . Recently, Kim (2006 Kim ( , 2009 suggested some improvements to Choi"s test (1999) , where the author presents the application of a resampling wild bootstrap method so as to improve its performance. Kim Fama (1970) ?"
CONCEPTUAL AND THEORETICAL STRUCTURE

Market's efficiency
The efficient markets" hypothesis was effectively originated in Samuelson"s (1965) and Fama (1963) , Fama (1965a) , Fama (1965b) and Fama (1970) research. Samuelson showed that in a market with informational efficiency price changes cannot be foreseen, since prices already incorporate all the information and expectations of market participants. His interest in the mechanics and behaviour of prices led to several research schedules that included solutions for dynamically allocating assets and optimal investment policies, culminating in the options pricing model by Black & Scholes (1972) and Merton (1973) .
Eugene Fama was focused on measuring the statistical features of stock prices, focusing the debate between technical and fundamentalist analysis, that use past prices and companies fundaments, respectively, in order to foresee prices and to price stocks. Fama was the first one to use the expression "efficient markets" (Fama, 1965b) , which are characterised by prices utterly reflecting the available information and structuring the several sets of available information for market participants, thus making the efficient markets hypothesis viable.
According to Fama (1991) , the efficient market hypothesis argues that stock prices do not follow any type of pattern, i.e., that it has a random dynamics where it is not possible to identify any regularity such as cycles or seasonality. According to this author, considering that stock prices" behaviour is completely random, investors would not have the conditions to structure ay sort of negotiation strategy based on specific time intervals that produce extraordinary return rates.
The efficient market hypothesis is divided into three categories, in which we observe different references regarding the information type. Those are: weak form, semi-strong form and strong form. The weak form efficiency is based on a set of information that only includes the prices History or stocks return. The semi-strong form considers a set of information that only includes the public knowledge obtained by all participants in the market. The strong form efficiency includes all information obtained by any participant in the market.
There were other definitions of market efficiency suggested by Rubinstein (1975) , Jensen (1978) , Beaver (1981) , Black (1986) , Dacorogna et al. (2001) , Malkiel (2003) , Timmermann & Granger (2004) and Milionis (2007) . Since there is no consensual definition for the pattern of market efficiency, we adopted the version by Fama (1970) that emphasises both speed and precision of prices adjustment to new information.
Much research has tested the market efficiency hypothesis in its weak form using variance ratio tests. This subject will be approached in the next section.
Variance ratio tests
The serial correlation and spectral analysis tests are the tools that were initially used in market efficiency literature, in its weak form, and their precursors are Fama (1965a) and Granger & Morgenstern (1963) , respectively. These statistical procedures test the least restrictive hypothesis of a random walk, which is RW3 (model by Campbell, Lo & MacKinlay (1997) ).
On the other hand, the first statistical tests to determine if a stochastic process is a random walk are older. Cowles & Jones (1937) Also from this point of view, Alexander (1961) presented RW2 random walk tests. The author suggested a filter where an asset would be bought when its price would go up a determined percentual and sold when it decreased a certain amount. Thus, the total return of his strategy would be a measure of predictability of assets return. Fama (1965a) and Fama & Blume (1966) presented a more thorough analysis on filters. There are other methods used to measure returns predictability, such as the graphic analysis techniques, using geometrical patterns in graphics on stock volume and price to foresee future prices.
Several authors have used mean reversion stationary models in order to verify the existence of transitory components in stock prices and test the weak form market efficiency hypothesis via an RW3 model (Shiller & Perron (1985 Since Lo & MacKinlay"s (1988) research, the variance ratio test has emerged as the main tool to test the random walk hypothesis and, consequently, the weak form market efficiency. As a consequence, Charles & Darne (2009b) provide an extensive bibliographical research on its recent evolution. The variance ratio test as suggested by Lo & MacKinlay (1988) was created under two null alternatives, in order to capture two sides of the random walk: (a) independent and identically distributed innovations as a normal distribution (i.i.d.); and (b) not correlated but weakly dependent innovations with the possibility of heteroscedasticity on its frequency distribution (m.d.s.). The crucial point on this test is that if the return of one stock item follows a purely random walk, the return variance of a period q is q times the variance on the first difference. Thus, the null hypothesis in this test states that the variances ratio equals 1.
After Lo & MacKinlay (1988) Wright (2000) ; the author suggested the use of non-parametrical variances ratio tests based on positions and signals of time series.
Another refinement of the variance ratio test was the automatic determination of investment horizons, initially suggested by Choi (1999) , using the optimal rule for estimating the spectral density on zero frequency, developed by Andrews (1991 The past five decades, there were numerous empirical studies related to the market efficiency which make it impossible to review all of them for this one project. On the other hand, Lim & Brooks (2006) provide an extensive list of published articles between 1965 and 2005. Review is thus focused on recent stock market studies.
As quoted by Lim (2009) , the quantity of empirical evidence regarding market efficiency is still growing in the past few years, though at a slower pace, creating a greater emphasis on emerging stock markets. As a consequence, Squalli (2006) examines the weak form market efficiency for two stock markets in the Arabian Emirates: the Dubai Financial Market (DFM) and the Abu Dhabi Securities Market (ADSM). Both are relatively young, since they were opened on the turn of this millennium. Results from the variance ratio test consistently show that most economical sectors at DFM and ADSM are inefficient. Other studies associated to the Bangladesh and Pakistan stock market are presented by Chakraborty (2006) and Hassan & Chowdhury (2008) .
Other studies have shown the weak form market efficiency in emerging markets such as the ones in Eastern Europe (Smith & Ryoo, 2003 This research seeks to answer the research problem using the variance ratio test for small samples, according to Kim (2006 Kim ( , 2009 . The methodological details are as follows.
METHOD
Now, one must define the markets to be studied. Despite not having a consensual definition for and emerging market, the World Bank defines this concept when that GDP is smaller than that of developed countries. The economist Jim O"Neil classifies Mexico, South Korea, Turkey, Brazil, Russia, China, and India as growing markets.
The MSCI EM (emerging markets) is a dollar calculated index that is adjusted by liquidity and capitalization of the assets market. Countries that qualify to make up the index are those that belong to the universe of emerging countries regarding the criteria used in MSCI pattern method.
Emerging markets -classified on MSCI EMare: Argentina, Brazil, Chile, China, Colombia, Czech Republic, Egypt, Hungary, India, Indonesia, Israel, Jordan, Malaysia, Mexico, Morocco, Pakistan, Peru, the Philippines, Poland, Russia, South Africa, South Korea, Taiwan, Thailand and Turkey. The companies listed in these countries in January 2011 piled up over 15 trillion dollars (the equivalent to the market value of the companies listed on the USA stock markets), representing 30.80% of the total market value of stock markets all over the world (CIA, 2011).
We used for this research the emerging stock markets indexes that currently belong to MSCI EM. We calculated the indexes" logarithmic return for the analysed countries and we then tested the data stationarity. In this research we used the Augmented Dickey-Fuller test suggested by Dickey & Fuller (1979) in order to test the presence of a unitary root in the series. The Dickey-Fuller test is based on the following model in Equation (1):
(1) where:
And where y denotes the dependent variable and Δ denotes the difference operator (Δy t = y t -y t-1 ). The parameters to be estimated are α, β and η. Statistics τ τ and τ μ and τ presented by Dickey & Fuller (1981) correspond to the t test to estimate the variable coefficient of the variable y t-1 in Equation (2). These statistics are specified for a model that includes a quadratic trend and constant (τ τ ), a model including lag and a constant (τ μ ) and a model with no constant or trend (τ). The hypotheses tested for these models correspond to a null hypothesis stating that the series is not stationary (H 0 : y t is not I(0) or η = 0); against the alternative hypothesis stating that the series is not integrated, i.e., it is a stationary series (H 1 : y t is I(0)).
After the ADF test we calculated Kim"s (2006, 2009) automatic variance coefficient. This is a refinement of the automatic variance ratio, initially suggested by Choi (1999) , using the optimal rule for estimating the spectral density for zero frequency developed by Andrews (1991) . Before dealing with this test, one must demonstrate the variance ratio test as it is on the following section.
Variance ratio
According to Lo & MacKinlay (1988) , the variance ratio k VR is defined as:
is the differences" variance and k is the variance of the first differences. (Azad, 2009 ). In order to dodge that obstacle, Lo & MacKinlay (1988) suggest a robust statistics test. This test, which also follows the pattern normal distribution, and that should have a critical value based on a determined significance level as a rejection criterion, is mathematically represented on Equation (7). 
Automatic variance ratio test
One other refinement of the variance ratio test was the automatic determination of the investment horizons, as it was initially suggested by Choi (1999) , using the optimal rule in order to estimate the spectral density for zero frequency, developed by Andrews (1991 
and  is given by: 
. as a finite moment. Choi (1999) further states that the result in (14) holds when t y is generated from a martingale difference sequence. In order to choose the value of lag truncation point (or holding period) k optimally, Choi (1999) adopted a data-dependent method of Andrews (1991) 
RESULTS
Initially, we used the unit root test for the logarithmic return of each analysed index. Kim (2006 Kim ( , 2009 . Results are shown on Table 2 . On Table 2 we show that for the analysed period (June 2009 -September 2011) the random walk null hypothesis was rejected at a 5% significance level in the Chilean and Hungarian stock markets and at a 10% significance level in the Indian and Malay markets. It is important to note that rejecting the null hypothesis denotes weak form inefficiency, i.e., past returns can be an indicator of future profitability of these markets.
Monthly inefficiency denotes significant arbitrage opportunities because if we add up the respective market values of the companies listed on their stock markets this year, we can see that they approximately represent 1.7 trillion dollars. There is a special note on the inefficiency of the Chilean market that showed the smallest p-value, reinforcing the arbitrage hypothesis in this market that showed a 209 billion dollar market value. On the other hand, other more expressive markets, such as the Chinese and the Brazilian, have shown to be efficient in the analysed period.
After calculating the automatic variance ratio for small samples (on a monthly basis), we performed the same test on a daily basis, as it is demonstrated on Table 3 . Table 3 . Results of the automatic variance ratio for small samples, as in Kim (2006 Kim ( , 2009 ,000 ** indicates that the null hypothesis is rejected at a 5% significance level. *** indicates that the null hypothesis is rejected at a 10% significance level. nd = no data available.
On Table 3 we can see that the Malayan and Jordanian indexes returns have rejected the null random walk hypothesis at a 1% significance; on the other hand, the Russian, Egyptian and Israeli markets have rejected the null hypothesis at a 5% significance, and eventually, the null random walk hypothesis was rejected at a 10% significance in the Chilean, Philippine, Mexican and Thai markets. These results denote arbitrage opportunities in these countries, on a daily basis, especially in markets such as the Jordanian and the Malayan ones, where markets have shown to be even more inefficient. It is important to note that putting all these nine markets together at the beginning of 2011, they represented approximately 2.4 trillion dollars in market value, reinforcing the hypothesis of the existence of abnormal gaining opportunities in these countries" equity markets.
FINAL NOTE
Despite there not being a consensual definition of "emerging market", this term is commonly used to describe the industrializing market business and activity or emerging regions in the world. Granted the importance of such countries for world economy and, considering that the market value of companies listed in equity markets in these countries represent more than 30% of the world value, and considering the weak form market efficiency hypothesis, this research sought to analyse the efficiency of these markets after the 2007/2008 subprime crisis.
In this research we used secondary data coming from the scoring of the main equity market indexes of the 24 analysed countries. The automatic variance ratio test for small samples, as in Kim (2006 Kim ( , 2009 points at the inefficiency (on a monthly basis) for the Chilean, Hungarian, and Malayan indexes, and also demonstrated inefficiency (on a daily basis) for the Chilean, Egyptian, Philippine, Israeli, Malayan, Mexican, Russian and Thai markets.
Such inefficiency denotes arbitrage opportunities in these markets that in January 2011 summed 2.4 trillion dollars, making it possible to make abnormal gains in these countries. On the other hand, Kim"s (2006 Kim"s ( , 2009 ) automatic variance ratio results show that even bigger markets, such as the Chinese, the Brazilian, the Taiwanese and the South African ones have shown to be efficient showing their robustness.
It is important to note that the analysis had been carried out in a period comprised between June 2009 and September 2001, after the 2007/2008 subprime crisis; it is hence suggested that this sample should be amplified so as to show the influence of this crisis on the analysed markets. The evaluation of the causes of the noted inefficiency should also be made, since this was not the objective of this research.
